Abstract A large body of evidence highlights the social cognitive impairment in neurodegenerative diseases such Alzheimer disease (AD). This study investigated the relationship among social and emotional functioning (SEF), awareness of disease, and other clinical aspects in people with AD (PwAD). A consecutive series of 50 people with mild to moderate AD and their 50 family caregivers were assessed. There was a significant difference between self-rated SEF and informant-rated SEF. In 56% of PwAD, self-rated SEF is lower than informant-rated SEF. People with AD mostly presented with mildly impaired awareness of the disease (56%), 20% had moderately impaired awareness of the disease, and 6% were unaware of the disease. The multivariate linear regression showed that informant-rated SEF was related to the social functioning, and relationships, domains of awareness of disease, and the PwAD informant-rated quality of life. The relationship between SEF and awareness of social functioning and relationship domain shows that they are comprised of judgments related to perceptions about oneself, values, and beliefs qualitatively different from awareness of memory or functionality, which can be directly observed.
Introduction
Compared to the physical environment in general, the social environment is more complex, less predictable, and more responsive to one's own behavior. 1 Social cognition is the capacity to interpret and predict another's behavior according to beliefs, intentions, and emotions, and the ability to decode environmental stimuli in order to be better able to adapt to new situations. 2, 3 It encompasses implicit and explicit cognitive processes that converge for an individual to interact with and understand the social world. 4 The social interaction depends on the recognition of social and emotional signals (emotion recognition through facial and vocal stimuli), the evaluation of personal relevance of social and emotional signals (recognition of negative consequences of social decisions), social knowledge awareness (knowledge of social norms), personality, and social information processing (theory of mind). 5 In addition, the development of social cognitive abilities is closely tied to the development of emotional processing, 1 that is, the ways in which people organize themselves within a social environment may be related to the extent of their emotional identification with others. Thus, the recognition of emotions is an important signal of the internal state and serves as a guidance for social behavior. 6 Social cognition also depends on neuropsychological functions for perceiving, recognizing, and evaluating stimuli, which provide the information required to build complex central representations of the social environment. 1 Memory, decision-making, attention, motivation, and emotion are processes recruited when socially relevant stimuli elicit behavior. 1 A large body of evidence highlights the social cognitive impairment in neurodegenerative diseases such as frontotemporal dementia and Alzheimer disease (AD). [2] [3] [4] [5] [6] [7] [8] Previous findings suggest the presence of decreased social interest, loss of affection and warmth, and diminished responsiveness to the feelings of others in the behavioral-variant of frontotemporal dementia. 9 However, distinctions between behavioral-variant of frontotemporal dementia and AD may be observed in the capacity to accurately understand and share the affective experience of others. 9 Studies have shown that social emotional processing might be relatively subtle and difficult to detect informally in AD. [7] [8] [9] Kumfor et al, 8 for example, reported that people with AD (PwAD) performed significantly worse than controls across all measures of social and emotion processing, such as recognition of social and emotional functioning (SEF). In addition, a study 9 showed that behavioral variant of frontotemporal dementia, affective empathy remains intact in AD but cognitive empathy (ie, perspective taking) is impaired.
A key question remains in the relationship between SEF and awareness of disease in AD. Awareness of disease is the recognition of changes caused by deficits related to the disease process. 10 Unawareness of disease is a clinically relevant and common feature of dementia and could vary in degree, from mildly impaired awareness to a complete denial of a deficit.
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Awareness should be considered a relational concept, because it can only be expressed in relation to an "object," such as to the pathological state or nonmorbid experience. 12 A recent review on awareness 13 indicates that PwAD may show decreased awareness of deficits in activities requiring executive function, such as handling money, practicing favorite hobbies, and doing home activities. In addition, longitudinal research 14 has found that impaired awareness of disease is associated with cognitive and functional deficits at baseline. However, at follow-up, awareness remained stable in a proportion of PwAD and is followed by a relative decline, which is not only related to the cognitive impairment.
Studies have shown that deficits in awareness are heterogeneous.
14 Indeed, the findings of Martyr et al 15 suggest the absence of explicit expressions of awareness, even though it may be retained at an implicit level. Marková et al 16 suggested that SEF was a form of awareness, which significantly differ from other abilities, while awareness of memory and awareness of activities of daily living were not significantly different from each other. This may be due to the multifactorial nature of awareness. For example, while awareness of some deficits (eg, memory loss) may be impaired, awareness of other deficits (eg, social, family, and affective relations) may be preserved. 17 There are several theoretical models about the heterogeneity of awareness. 11, [18] [19] [20] The Cognitive Awareness Model 11, 18 suggests that although PwAD are able to detect cognitive failures and demonstrate awareness of deficit, they are unable to encode those failures into semantic memory, relying on outdated semantic representations of their abilities. 11 Rosen 20 proposed that emotion may have a central effect in the monitoring system. Events indicating poor performance could elicit emotional alarm signals, while the absence of these signals may produce unawareness by allowing individuals to neglect these events when evaluating their abilities. 20 These models suggest multiple components damage, causing the differences in awareness of deficits across several domains.
Social and emotional functioning and awareness of disease are metacognitive processes, but we assume that they arouse different sorts of perceptions and judgments among PwAD.
Social and emotional functioning includes the perception of others, the perception of self, and the recognition of emotion and interpersonal knowledge. Awareness of disease implies a general understanding of the condition and the judgment of its effects in the self and in the everyday life management. Both constructs demand complex reflections that draw upon aspects of personal knowledge, understanding, and the recognition of this knowledge in the daily life. 21 Clare et al 21 suggested that there are some differences in the way the knowledge about the self and functioning are represented in relation to others. In some cases, the self-knowledge may not be updated to reflect recent changes and therefore judgments about the environment, as social life may be more accurate than judgments about the self. In this context, the aim of this study is to investigate the relation between SEF, awareness of disease, and other clinical aspects in AD. It is hypothesized that impairments in SEF will be independent of unawareness of disease in AD. Only individuals with mild and moderate AD according to the Clinical Dementia Rating 23 and Mini-Mental State Examination (MMSE) 24 scores of 14 to 26 were included in the study. The primary family caregiver was defined as the person who was most responsible for the care of the person with AD. All caregivers had been previously informed of the diagnosis by the psychiatrist. People with AD completed assessments about quality of life, cognition, SEF, and their awareness of the disease. The caregivers provided information about PwAD (including demographics, ability to perform activities of daily living, awareness of disease, functionality, SEF, and dementia severity) and had their quality of life and burden of care assessed.
Materials and Methods Participants
The study was approved by the ethics in research committee of the Institute of Psychiatry of the Universidade Federal do Rio de Janeiro. All PwAD and their caregivers signed the informed consent terms.
Measurements
People with AD measurements Social and emotional functioning. Social and Emotional Questionnaire 25 comprises 30 items distributed as 5 factors: recognition of emotion, empathy, social conformity, antisocial behavior, and sociability. The ratings are scored on a 5-point Likert scale, from strongly disagree (1) to strongly agree (5). People with AD and their caregiver versions are essentially identical. Both the participant and informant were asked to individually answer the questionnaire. This ensured anonymity of responses as well as preventing conferring over answers between participants and informants. People with AD rated their socioemotional functioning with regard to their ability to recognize emotions, the extent of their empathetic reactions, and their behavior in social situations. Caregivers also answered about PwAD emotional and social current functioning. The score was based on the degree of the discrepancy between PwAD and caregivers' ratings. Discrepancy scores close to 0 indicate good agreement between the raters. Positive and negative discrepancy scores are interpreted as indicating lower awareness. 25, 26 Awareness of Disease. Assessment Scale of Psychosocial Impact of the Diagnosis of Dementia (ASPIDD) is a 30-question scale based on a person with AD-caregiver reports and was designed to evaluate the awareness of disease through the scoring of discrepant responses across 4 domains that include awareness of cognitive functioning and health condition, awareness of instrumental and basic activities of daily living, awareness of emotional state, and awareness of social functioning and relationships. The caregiver answered the same questions as the person with AD. The score was based on the degree of discrepancy between the person with AD and caregiver dyad responses, with 1 point being scored for each discrepant response. The ratings of awareness range from preserved (0-4), mildly impaired, (5-11), moderately impaired (12) (13) (14) (15) (16) (17) , to absent (over 18). 10 Cognition. Alzheimer Disease Assessment Scale-Cognitive Subscale (ADAS-Cog) assesses the intensity of cognitive changes. The cognitive subscale includes 11 items, with a maximum score of 70. The main cognitive domains evaluated are memory, language, praxis, and command in understanding. Higher scores indicate a poor performance. 27 The MMSE includes tests of orientation, registration, shortterm memory, language use, comprehension, and visuoconstructive skills. The total score ranges from 0 to 30. Lower scores indicate impaired cognition. 24, 28 Wechsler Digit Span Test to assess working memory requires the examiner to verbally present digits at a rate of 1 per second. The forward test requires the participant to repeat the digits verbatim. The backward test requires the participant to repeat the digits in reverse order. The number of digits increases one by one until the participant consecutively fails 2 trials of the same digit span length. 29 Dementia severity. Clinical Dementia Rating ranges from 0 (no dementia) to 3 (severe dementia) according to the degree of cognitive, behavioral, and activities of daily living impairment. 23, 30 Depressive symptoms. Cornell Scale for Depression in Dementia assesses mood symptoms, physical symptoms, circadian functions, and behavioral symptoms related to depression. Scores above 13 indicate the presence of depression. 31, 32 Functionality. Pfeffer Functional Activities Questionnaire is a caregiver-reported inventory that evaluates activities of daily living. The ratings for each item ranges from normal (0) to dependent (3), with a total of 30 points. Higher scores indicate worse functional status. 33 Neuropsychiatric
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Quality of life. Quality of Life in Alzheimer's Disease (QoL-AD) is a 13-item measure of QoL that is completed by both person with AD and the caregiver. This questionnaire was developed specifically for the assessment of QoL in dementia. The QoL-AD includes 13 domains: physical health, energy, mood, living situation, memory, family, marriage, friends, chores, fun, money, self, and life as a whole. The 13 domains are rated as poor (1), fair (2), good (3), or excellent (4), and the total score ranges from 13 to 52. The scores of the self-rated person with AD QoL, the informant-rated about the person withAD QoL, and the informant-rated about caregiver's own QoL were analyzed separately. 36, 37 Caregivers' measurements Cognition. The MMSE which is the same scale used to assess PwAD cognition. 24, 28 Burden. Zarit Burden Interview (ZBI) contains 22 items. The caregiver assesses the impact of AD on his or her life by indicating how often he or she experiences a particular feeling: never (0), rarely (1), sometimes (2), quite frequently (3), or nearly always (4). Scores range from 0 to 88, with higher scores indicating higher level of burden.
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Statistical Analysis
All statistical analyses were performed with SPSS software for Windows, version 22.0. The Kolmogorov-Smirnov test was used to verify the normal distribution. A descriptive analysis of the clinical and sociodemographic characteristics of the dyads was carried out, using absolute and relative frequencies for qualitative variables and measures of central tendency and dispersion for quantitative variables. The paired Student t test was used to assess the differences between self-reported and informant-rated SEF. The Wilcoxon test was used to assess the discrepancies between PwAD self-reported and informant-rated SEF. Although SEF has a discrepancy score, we used SEF informant-rated score as dependent variable in the analysis, in order to avoid circularity between SEF and awareness of disease.
Spearman's correlation was used to investigate the associations between SEF informant-rated score and awareness of disease (total score, cognitive deficits and health condition, social functioning and relationships, instrumental and basic activities of daily living, neuropsychiatric symptoms, cognition, working memory, quality of life, functional activities, presence of depressive symptoms, and caregivers burden and cognition).
The correlations were interpreted as follows: correlation coefficients in the order of .10 were small, those of .30 were medium, and those of .50 were large in terms of magnitude of effect sizes. 40 Several multiple linear regression models were built to determine the factors related to the SEF informant-rated total score. Linear regressions were conducted using the Enter method. The adjusted model was used to compare different independent variables and explain the variation in dependent variable (SEF). The best models were selected according to a trade-off between highest explained variance (R 2 ) and the highest cross validity (adjusted R 2 ). All significant tests were performed at a 2-tailed a level that was .05.
Results
Characteristics of the People With AD and the Caregivers
The mean age of PwAD was 78.1 years (standard deviation [SD] ¼ 6.09), and 50% (n ¼ 25) were female. They had an average of 5.3 years of duration of disease (SD ¼ 3.48). The mean age of the caregivers was 60.16 years (SD ¼ 13.86). The majority of the caregivers were female (82%; n ¼ 41), wives (40%; n ¼ 16), and daughters (42%; n ¼ 17). The sociodemographic data of PwAD and their caregivers are summarized in Table 1 .
Clinical Characteristics
People with AD mostly (56%, n ¼ 28) had mildly impaired awareness of disease, 20% (n ¼ 10) had moderate impaired awareness of disease, and 6% (n ¼ 3) were unaware of the disease. Only 18% of the PwAD (n ¼ 9) had preserved awareness of disease.
All PwAD had mildly impaired cognitive function with a mean MMSE score of 19.22 (SD ¼ 3.69) and a mean ADASCog score of 24.34 (SD ¼ 8.50). The caregivers showed moderate burden as indicated by the mean score of ZBI (mean ¼ 28.36; SD ¼ 15.14) with a mean MMSE score of 28.98 (SD ¼ 1.25). The PwAD and the caregivers' clinical characteristics are summarized in Table 1 .
Factors Related to SEF
There was a significant difference between self-rated SEF and informant-rated SEF (t ¼ 2.187; P ¼ .034). In 56% (n ¼ 28) of the cases, self-rated SEF was lower than the informant-rated SEF, self-rated SEF was higher than informant-rated SEF in 42% of the cases (n ¼ 21), and self-rated SEF was similar to informant-rated SEF in 2% (n ¼ 1) of the cases.
Univariate Analyses
Informant-rated SEF score was significantly correlated with the social functioning and relationship domain of ASPIDD (r ¼ À.392; P < .01). Significant correlations were also found between informant-rated SEF score and PwAD functionality (r ¼ À.279; P < .05), depressive symptoms (r ¼ À.263; P < .05), the informant-rated QoL of PwAD (r ¼ .305; P < .05), and caregivers' burden (r ¼ À.314; P < .01).
There was no correlation between informant-rated SEF score and PwD cognition (MMSE: r ¼ À.149, P ¼ .303; ADAS Cog: r ¼ À.118, P ¼ .415; and Digit Span: r ¼ À.194, P ¼ .178). The significant and nonsignificant correlations are shown in Tables 2 and 3 .
Multivariate Analyses
A multivariate linear regression was conducted to examine the association between informant-rated SEF score and the variables. The model included the variables that were significantly correlated (ASPIDD domain awareness of social functioning and relationships, PwAD functionality, depressive symptoms and caregivers' burden, and informant-rated QoL of PwAD). The ASPIDD social functioning and relationship domain (P < .01), informant-rated QoL of PwAD (P < .05) were significantly associated with informant-rated SEF. The final model with the factors associated with SEF explained 26.8% of the observed variance (P < .001). The adjusted R 2 values and the standardized regression weights are shown in Table 4 .
Discussion
This study aimed to investigate the relation between PwAD SEF and awareness in AD. In this study, in order to avoid measuring awareness of SEF, we used informant-rated SEF score as the dependent variable. We found that impairment in informant-rated SEF was related to both deficits in awareness of social functioning and relationships, a domain of awareness of disease, and informant-rated QoL of PwAD.
The relationship between informant-rated SEF and the awareness of social functioning and relationship domain of ASPIDD supports the multidimensional nature of awareness, in which distinct alterations in each "object of awareness" influence the impairment of awareness in different ways. 16, 21, 41 Our finding suggests that informant-rated SEF and awareness of social functioning and relationships are comprised of a complex of judgments, some of which relate to perceptions about oneself and others draw on wider views, values, and beliefs. 16 Indeed, this is qualitatively different from awareness of memory or functionality, which can be relatively directly observed or perceived. Clinically, Clare et al 42 proposed that differences in awareness may also be related to "levels of awareness," in which awareness operates at 4 levels of increasing complexity (sensory registration, performance monitoring, evaluative judgment, and meta-representation). The judgments entailed in informant-rated SEF and awareness of social functioning and relationship domain elicit much more than direct perception, because they include wider-based critical judgments. This makes sense as appraisal of one's self and one's interactions with others is a more complex assessment that evokes individual, social, cultural, and contextual factors and does not relate simply to perception of difficulties with specific tasks. 2, 16, 21 Another factor that influenced informant-rated SEF was the informant-rated QoL of PwAD. Quality of Life in AD is a multidimensional construct that considers the person's cognitive functioning, impairment in the activities of daily living, level of social interaction, and well-being. 36 Social and psychological factors may influence individual's appraisals of QoL. 43 Lazarus and Folkman 44 suggest that QoL is related to the type of appraisal of a particular situation. Thus, the evaluation of a situation depends on the level of satisfaction, dissatisfaction, or threatening to well-being. Sousa et al 45 found that the factors that drive QoL ratings vary according to the rater's own expectations, mood, and burden of care. Indeed, caregivers may witness the social and emotional difficulties and the losses experienced by PwAD and assume that they are a source of distress. 46 It is important to point out that the factors that influence QoL may differ at different stages of the cognitive impairment. In mild stages, caregivers may be more sensitive to deficits in instrumental activities of daily living and, as disease progresses, behavioral disturbances and activities of daily living changes are more important. 36 Further longitudinal studies should investigate the patterns of change between SEF and QoL in the different stages of the disease.
This study has some limitations. The cross-sectional design and the small sample do not allow the assessment of SEF patterns through the progression of the disease. Longitudinal studies with a larger sample would be better to analyze the progression of SEF in AD. Another limitation was the inclusion of mild and moderate AD in the same group. The comparison of SEF in different stages of AD would allow the development of more adequate social and emotional intervention strategies, associated with the severity of the disease.
Our findings may have important clinical implications. Social and emotional functioning and awareness in AD are complex constructs because they are not just the recognition of difficulties in objective tasks. Understanding the relationship between SEF and awareness help guide the management and support of PwAD and their caregivers. The recognition of SEF is important for social understanding and for the development and maintenance of social relationships. Indeed, in addition to improving PwAD and caregivers' support, strategies aiming to SEF may lead to better functioning of PwAD, which consequently will increase their autonomy and well-being.
